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Annual Summary and 8 th  Quarterly Report 

Ju ly  15, 1963 

DEVELOPMENT OF LOW TEMPERATURE DIELECTRIC COATINGS 
FOR 

ELECTRICAL CONDUCTORS 

INTRODUCTION 

This report  includes a summary of the  technical  accomplishment under 
the  subject  contract  during t h e  8th quar te r  (Apri l ,  May and June, 1963) 
a s  w e l l  a s  a review of earlier work which together cons t i t u t e  a summary 
report  f o r  the work during the preceding year. Reference is  made here  
t o  quar te r ly  repor t s  dated October 15, 1962, January 15, 1963 and 
Apr i l  15, 1963, s ince  they contain de ta i led  information which may be 
only i n  p a r t  summarized i n  t h i s  report .  At tent ion i s  drawn, a l s o ,  t o  
the  4 th  Quarterly Report dated July 16,1962. 
sumrnary of the  f i r s t  yea r ' s  e f f o r t  on which the  subjec t  work i s  based. 

This repor t  provides a 

The subject  repor t  includes, as  an  appendix, a summary of v i s i t s  
made t o  16 labora tor ies  i n  six European Countries i n  reference t o  
cryogenic proper t ies  of materials.  
be issued separately a s  soon as possible.  

A f u l l  repor t  of these v i s i t s  w i l l  

The primary a c t i v i t y  of the second yea r ' s  program has involved the  
evaluation of insulated wire a f t e r  thermal aging i n  a i r  and vacuum and 
a f t e r  moisture exposure. Such evaluation i s  very important s ince  these 
ambients may adversely e f f e c t  insu la t ion  performance a t  both normal, 
elevated and cryogenic temperatures. The aromatic, polyimide (DuPont ML) 
and inorganic bonded, fe l ted asbestos insulated w i r e s  (developed i n  the 
previous program primari ly  f o r  cryogenic appl icat ions)  have been evaluated 
along with more conventional polyvinylformal (Formvar), polyvinyl 
chlor ide (PVC) and polytetrafluoroethylene (Teflon TFE) insu la ted  w i r e s  
f o r  comparison. 

Invest igat ion has been directed,  a l s o ,  t o  the  development of 
"ribbon" cable s u i t a b l e  f o r  appl ica t ion  a t  cyrogenic temperatures. 
i s  proposed t o  continue t h i s  work i n  the program f o r  the  coming year and 
t o  extend i t  t o  bundled and cabled construct ions a l so .  

It 

During the  pas t  year e l e c t r i c a l  measurements of the  cryogenic 
l i qu ids  themselves have been continued because the  e l e c t r i c a l  p roper t ies  
of the  l i qu ids  have an important r e l a t ionsh ip  t o  the  performance of 
insulated w i r e  and other  components immersed i n  them. 

- 1 -  
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SUMMARY AND CONCULSIONS 

Wire for Cryogenic Applications 

The program for the past year confirms the belief that the polyimide 
polymers (ML and enamel and H film) possess remarkably superior properties 
at cryogenic temperatures. However, no one material is likely to meet 
every application problem. For example, Teflon has outstanding advan- 
tages where l o w  dielectric losses are needed. Inorganic spacers, such 
as aluminum phosphate impregnated, felted asbestos, possess advantages 
under intense radiation or where high temperature, cut-through problems 
are involved although ML also possesses tremendous resistance to thermal 
cut-through and excellent resistance to radiation for an organic material. 

It is hoped that the data in this report will be useful in selecting 
wire insulations to meet specific combinations of needs. The advantages 
and disadvantages of several types of wire insulation are summarized 
below, keeping in mind not only the cryogenic requirements but other 
parameters of the application problem also. 

Advantages : 

Disadvantages : 

Advantages : 
Disadvantages : 

Advantages : 

Disadvantages : 

E! 
Greatest flexibility at cryogenic temperatures. 
Excellent thermal stability 
No measurable thermal cut - through 
Mechanical toughness 
Available only as a relatively thin, film coating 
Some sensitivity to moisture 

HF - 
Mechanics 1 toughness 
Available only as a relatively thin, film coating 
Poor flexibility at cryogenic temperatures 
Sensitivity to moisture 
Thermal stability inferior to ML or Teflon 

Extruded Teflon 

Low electrical losses 
Best flexibility at cryogenic temperatures for an 

Resistance to moisture 
Thermal stability 
Res is ta nc e to ab ra s ion 
Poor flexibility at cryogenic temperatures as 

Relatively poor thermal cut-through characteristics 
Poor resistance to radiation 

extruded insulation 

compared to ML 

- 2 -  



Extruded PVC 

Advantages: Resistance t o  moisture 

Disadvantages: Sha t te r  b r i t t l e  a t  cryogenic temperatures 
Extremely poor thermal cut-through 
Poor s t a b i l i t y ,  p a r t i c u l a r l y  i n  vacuum 
Relat ively high e l e c t r i c a l  losses  

Aluminum Phosphate Impremated. Fe l ted  Asbestos 

Advantages: Excellent thermal s t a b i l i t y  
Completely inorganic composition with associated 

F a i r l y  good f l e x i b i l i t y  a t  cryogenic temperatures 

Disadvantages: Extremely poor res i s tance  t o  moisture 
Low breakdown voltage 
High e l e c t r i c a l  losses  (except a t  cryogenic temperatures) 
Poor abrasion res i s tance  

hea t  and moisture res i s tance  

Much more de t a i l ed  information is ,  of course, ava i l ab le  i n  the  body of 
t h i s  report .  It should be remembered, a l s o ,  t h a t  f o r  c e r t a i n  appl ica-  
t i ons  insu la t ing  mater ia l s  may b e  combined t o  give optimized character-  
i s t i c s .  For example, f e l t e d  asbestos has been applied over an  ML fi lm. 
The combination combines the  excel lent  vol tage breakdown of t h e  ML f i lm  
with the  advantages of the  inorganic spacing provided by the  asbestos .  
However, the e l e c t r i c a l  losses  of such a combination under normal condi- 
t i ons  w i l l  be very high, pa r t i cu la r ly  a f t e r  exposure t o  moisture. On 
t he  other  hand, a t  cryogenic temperatures the  losses  w i l l  be q u i t e  low 
but  not near ly  a s  low as f o r  Teflon. 

Ribbon Cable f o r  Cryogenic Applications 

Ribbon cable ,  by v i r t u e  of its th in  construct ion,  has an inherent 
advantage f o r  use a t  cryogenic temperatures. However, much remains t o  
be  done i n  optimizing i ts  construction. The use of H f i lm,  perhaps 
bonded with FEP Teflon seems t o  provide the most f r u i t f u l  approach. 

Vacuum as an  Application Parameter 

The vacuum of outer  space has been thought by some t o  be a very 
d i f f i c u l t  appl ica t ion  parameter. I n  l i s t e n i n g  t o  such discussions,  one 
might come t o  the  be l i e f  t h a t  high vacuum "sucks the l i f e  blood" out  of 
i n su la t ing  mater ia ls .  On the  other hand, o thers  have indicated that 
high vacuum must markedly improve the  d i e l e c t r i c  performance of e l e c t r i c a l  
i n su la t ion  because high vacuum i t s e l f  i s  an exce l len t  insu la tor .  

The r e s u l t s  of t he  subject  work lead t o  the conclusion that ne i the r  
of the  extreme views above is correct .  While moderate vacuum (not 
necessar i ly  high vacuum) a t  elevated temperatures may degrade PVC by 
increasing the  lo s s  of v o l a t i l e  p l a s t i c i z e r s ,  t h e  same vacuum w i l l  increase 

- 3 -  



t h e  thermal l i f e  of mater ia ls  l i k e  Formex i n  which thermal degrzdation 
i s  accelerated by oxidation. 
breakdown of f ibrous insu la t ion  but somewhat decreases the  vol tage 
breakdown of extruded and film-coated insulat ions.  The reasons f o r  
t h e  increased breakdown are e a s y  t o  understand. 
down vol tage is  not ye t  understood and much more study i s  needed. Such 
r e s u l t s  provide a note of caution f o r  those who bel ieve t h a t  vacuum w i l l  
i n  i t s e l f  solve d i f f i c u l t  insulat ion problems. 

Vacuum grea t ly  increases  the  vol tage 

The decreased break- 

Cryogenics and the Theory of Dielectrics 

Perhaps the g rea t e s t  long-run value of t he  subject  program may l i e  
i n  the clues  provided f o r  more basic understanding of insu la t ing  
mater ia l s  (d i e l ec t r i c s )  even though such clues  are not a p a r t  of t he  
bas ic  purpose of t h i s  program. 
ments made a t  cryogenic temperatures appear t o  provide very sens i t i ve  
means f o r  determining and understanding the  changes brought about i n  
insu la t ing  mater ia ls  as  a r e s u l t  of t h e  influence of heat  and moisture, 
f o r  example. 

Both mechanical and e l e c t r i c a l  measure- 

The study of d i s s ipa t ion  factor  and capacitance of cryogenic 
l i qu ids  has provided bas ic  s c i e n t i f i c  information not before ava i lab le .  
The need f o r  add i t iona l  study has become obvious. 
pa r t i cu la r ly  helium, i n  t h e  normal and super f l u i d  states, o f f e r  
opportuni t ies  f o r  fasc ina t ing  theore t ica l  s tud ies .  Out  of such s tudies  
r e s u l t s  of p r a c t i c a l  importance w i l l  a l s o  undoubtedly develop. 

Cryogenic l i qu ids ,  

Cryogenics i n  Europe 

It i s  apparent from the author 's  v i s i t s  that no program l i k e  the 
subjec t  program e x i s t s  anywhere i n  Europe, except possibly i n  the  Soviet 
Union. A t  the  same t i m e ,  g r e a t  i n t e r e s t  i n  the  subject  work was 
apparent everywhere. It m u s t  be remembered that outs ide of t he  Soviet  
Union, i n t e r e s t  i n  space problems and cryogenic l i qu ids  as  f u e l s  e x i s t s  
only i n  France and i n  G r e a t  Bri ta in .  The l a t t e r  country i s  c lose ly  
t i e d  t o  the  work i n  t h e  United States and has not ye t ,  a t  least, s t a r t e d  
engineering evaluations.  

However, t heo re t i ca l  d i e l e c t r i c  s tud ie s  of high competence are being 
d i rec ted  pa r t i cu la r ly  t o  cryogenic l i qu ids  and i n  some cases, t o  nonmetallic 
materials a t  cryogenic temperatures. Without question, these theo re t i ca l  
s tud ie s  have a grea t  importance i n  reference t o  t h e  program of t h i s  re- 
port .  
i n  London and Blaisse i n  Del f t ,  a s  w e l l  a s  the  ion  migration s tud ie s  i n  
l i qu id  helium by Carerri i n  Rome can be quoted i n  i l l u s t r a t i o n .  
d i e l e c t r i c  l o s s  s tud ie s  i n  glass and quartz  by Volger a t  Eindhoven and 
the  s t r e s s - s t r a i n  curves f o r  p l a s t i c s  i n  l i qu id  ni t rogen by Dubois i n  P a r i s  
a r e  important, a l so .  
i n  Europe, a l so .  The determination of impuri t ies  and the  means of 
pu r i f i ca t ion  f o r  cryogenic l iquids can be mentioned i n  example. 

The s tud ie s  of vol tage breakdown i n  cryogenic l iqu ids  by Lewis  

The 

Correlary cryogenic information has been obtained 

- 4 -  
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OBSERVATIONS AND SUMMARY OF TEST RESULTS 

The round w i r e  insu la t ions  evaluated i n  t h i s  repor t  are described 
i n  Table I. The ribbon w i r e  constructions are described i n  Table 11. 
The development of ribbon w i r e  f o r  cryogenic appl ica t ions  so far i s  
l imited and evaluation has been r e s t r i c t e d  t o  repeated mandrel f l e x i b i l i t y  
tests i n  l i qu id  helium. 

The extensive evaluation of round w i r e  i n su la t ion  has been l imited 
t o  the  following w i r e  insulat ions:  

Asbestos (phosphate) - '' 
HML -- Developed f o r  cryogenic appl ica t ions  

H F  -- For comparison 
Teflon - For comparison 
W C  -- For comparison 

11 11 11 

L e s s  extensive invest igat ions have been ca r r i ed  out  with the  other  w i r e s  
l i s t e d  i n  Table I. The f u l l  range of the  inves t iga t ions  as accomplished 
i s  out l ined i n  Table 111. 

The range of tests ac tua l ly  accomplished i s  considerably more exten- 
sive than required by contract  although i n  a few instances,  some condi- 
t i ons  as  o r ig ina l ly  requested have not been m e t .  
progress of t he  work indicated e i t h e r  t h a t  t he  s p e c i f i c  test r e s u l t s  
w e r e  not  needed o r  t h a t  t he  test techniques were not  adequate under the 
p a r t i c u l a r  test conditions.  The pr inc ipa l  d i f fe rences  between the  
evaluat ion work accomplished and t h a t  spec i f ied  a r e  l i s t e d  below: 

I n  such cases, the  

1. 

2. 

3. 

4 .  

Samples aged 20 days i n  vacuum a t  120 C and 120 days i n  a i r  
a t  250 C have been added. 

Breakdown vol tage a f t e r  aging has been measured not only a t  
23 C as spec i f ied  but a l s o  a f t e r  immersion i n  l i qu id  helium 
(-269 C). 
Volume res i s tance ,  r a the r  than in su la t ion  res i s tance  has been 
measured t o  permit more prec ise  understanding of the  test 
r e su l t s .  Both volume and surface r e s i s t ance  have been 
measured a t  23 C and i n  l i qu id  ni t rogen (-196 C) but only 
a f t e r  moisture exposure s ince ,  except f o r  asbestos ,  the  values 
f o r  the  dry samples w e r e  too high f o r  accurate  measurement. 
Measurements a t  23 C w e r e  made a t  95% RH t o  prevent drying. 

Dielectric constant cannot be measured with the cabled test 
sample which was the only adequate sample so f a r  with which 
tests could be made i n  l iqu id  helium. 
measured instead.  Capacitance and d i s s ipa t ion  f ac to r  have 
not  been measured a t  120 and 250 C because thermoplastic flow 
of t he  cabled sample a t  these temperatures would make r e s u l t s  
meaningless. By oversight,  the  author d id  not arrange f o r  
such tests using d i f f e r e n t  techniques. 

Capacitance values w e r e  

- 5 -  



Table I1 

Description of Ribbon Wire Constructions 

Sample 
No. Material 

A Methode Plyoduct (PD-812-P4) 
(31/32" Wide x 0.012" Thick, 
12 Copper Conductors) (Mylar) 

Q-5/8" Wide x .0086" Thick, 
25 Conductors) 
(Resin Bonded H Film) 

B Polystrip (H-100-C-25) 

C 

D 

E 

Polystrip (P-100-C-12) 
1-5/16" Wide x ,0085" Thick, 
12 Conductors) 
(Resin Bonded Mylar) 
Polystrip (TX-156-C-20) 
(3% Wide x .012" Thick, 
20 Conductors) (FEP Teflon) 

(1-5/16" Wide x .012" Thick, 
12 Conductors) 
( .002 H Film/ .002 FEP Teflon - 
.005 FEP Teflon - heat bonded) 

IRC-HX-100-C-12 
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5. Repeated, reverse ,  mandrel f l e x i b i l i t y  t e s t s  have been made a s  
specif ied and a l s o  subst i tuted fo r  the  s ing le  bend tests which 
were found t o  give l e s s  r e l i a b l e  r e s u l t s  a t  cryogenic tempera- 
tu res .  F l e x i b i l i t y  t e s t s  were not made i n  l iqu id  hydrogen 
(-253C) s ince  no essent ia l  d i f fe rence  was noted between tests 
made i n  l iqu id  nitrogen (-196C) and i n  l iqu id  helium (-269C). 
Tests, however, have been made a t  -6OC. 

Voltage Breakdown as a Function of Ambient T e s t  Condition 

A l l  voltage breakdown measurements have been made using the  shor t  
t i m e  test  technique of ASTM D149 with NEMA twisted pa i r  test  specimens. 
A comparative summary of test  r e su l t s  a t  d i f f e r e n t  temperatures i n  
var ious mediums (i.e., a i r ,  vacuum and cryogenic l iqu id)  i s  given f o r  
film-coated w i r e s  i n  Table I V  A and f o r  the  other  wires i n  Table I V  B. 

Since i t  i s  cumbersome t o  compare r e s u l t s  i n  t ab le  form, a number 

The r a t i o  of the average break- 
of f igu res  have been prepared t o  i l l u s t r a t e  the s ign i f i can t  observations 
which may be drawn from the  r e s u l t s .  
down vol tage a t  a specif ied test condition t o  t h e  value f o r  t he  w i r e  a s  
received i n  a i r  a t  23C - 50% RH is shown i n  Figs.  1, 2 and 3. 

From Fig.  1 it is apparent t h a t  t he  breakdown vol tage of extruded 
Teflon i s  not  s i g n i f i c a n t l y  influenced by test temperatures from -269C 
t o  250C nor by vacuum. 
markedly decreased a t  120C i n  both a i r  and vacuum. 

I n  cont ras t ,  t h e  breakdown voltage of PVC is  

The decrease i n  breakdown voltage of PVC i n  vacuum a t  room 
temperature i s  p a r t i c u l a r l y  in te res t ing .  
such %ard" vacuums, gas ionizat ion (corona) around the  w i r e s  would be 
prevented and thereby breakdown vol tage would be increased. Quite 
t he  contrary r e s u l t  has been obtained and s imi l a r  r e s u l t s  w i l l  be seen 
a l s o  i n  Fig. 2. D r .  L.J. Frisco i n  work a t  Johns Hopkins has noted 
s imi l a r  reductions i n  vol tage breakdown s t rength  of p l a s t i c s  i n  hard 
vacuum. N o  rigorous explanation has so f a r  been advanced. Electron 
emission from metal e lectrodes has been proposed a s  the  mechanism of 
breakdown i n  hard vacuum but t h i s  mechanism can hardly explain t h e  
decreased values obtained. It may be conjectured t h a t  t he  a i r  pressure 
a t  the surface of the t e s t  specimen i s  higher  than i n  the  surrounding 
space -- perhaps due t o  outgassing. Such an  hypothesis is  supported by 
the  r e l a t i v e l y  small change of breakdown vol tage,  i f  any, which occurs 
i n  vacuum a t  l iqu id  helium temperatures where outgassing i s  not  l i k e l y  
t o  occur. 
so that maintenance of high breakdown vol tage i n  vacuum with Teflon can 
be s imi l a r ly  explained. 

It might be expected t h a t  i n  

Moreover, the  outgassing of Teflon i s  known t o  be minimal 

Fig. 2 compares the breakdown vol tage of film-coated w i r e s  including 
f e l t e d  asbestos  over HML enamel. Reference t o  Table I V  A w i l l  show t h a t  
t he  breakdown vol tage of the HML asbes tos  combination is r e l a t i v e l y  low 
i n  a i r  a t  room temperature. 
covering has a l o w  res i s tance  which d i s t r i b u t e s  the applied vol tage t o  
t h e  r e l a t i v e l y  weaker points  of the  ML coating o r  a c t s  t o  increase  the  

It may be postulated t h a t  the  asbestos  

- 9  - 
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Temp OC Medium 
I r: I ( ? )  -269 

I 

23 

Liq. H e  

Liq. N2 

A i r  

Vat. 
* 

Vac. 

Liq. He 

A i r  

23 Vac 

T e f l o n  I l l -  t--- ' 120 
I '7-- - 120 

A i r  

Vac  

A i r  

Vac 

0 . 2  . 4  . 6  . 8  1.0 

Ratio to Value at 2 3 C in A i r  

* Vacuum of T o r r  o r  better 

( ? )  Ratio could not b e  obtained because  Breakdown Voltage 
w a s  above the  test limit of 20.5 KV 
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-269 Vac 
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- - - - - -  
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electrode area a s  contrasted t o  the point contacts of the usual twisted 
p a i r  specimen. I n  e i t h e r  case, the  voltage breakdown would be reduced. 
A t  cryogenic temperatures the asbestos covering has much b e t t e r  d i e l e c t r i c  
propert ies  and the overa l l  breakdown voltage i s  s ign i f i can t ly  increased. 
The r e s u l t s  plot ted f o r  HML i n  Fig. 2 a r e  the  averaged r e s u l t s  f o r  all 
of the d i f f e r e n t  types of HML as  given i n  Table IV-A. 
it would appear t ha t  the small decrease i n  breakdown s t rength  f o r  HML 
a t  low temperatures, par t icu lar ly  a t  -269C, is s igni f icant .  Heavy 
Formex, HF, does not show a similar decrease a t  low temperatures and 
the  s l i g h t  decrease shown f o r  the polyester  w i r e ,  HYT, may not be s ig -  
n i f i can t .  Since no mechanical damage i s  evident i n  HML specimens 
exposed a t  l iqu id  helium temperature, -269C, i t  is  d i f f i c u l t  t o  explain 
the  lowered breakdown voltage even though the decrease i s  small. 

I n  consequence, 

The r e s u l t s  a t  elevated temperatures and i n  vacuum shown i n  Fig. 2 
The breakdown voltage of both HF and HML a r e  a l s o  very in te res t ing .  

i s  sharply decreased a t  elevated temperatures. 
anomaly with HF a t  20OC, the  breakdown voltage i n  vacuum i s  even lower. 
To the author 's  knowledge, no outgassing s tudies  i n  vacuum have been 
made with HML but the weight loss  over long periods of t i m e  a t  elevated 
temperatures is known t o  be very low. 
the  outgassing hypothesis t o  explain the  r e l a t i v e l y  low breakdown voltage 
obtained with HML i n  vacuum unless perhaps a b i t  of res idua l  solvent is  
s t i l l  being evolved. 
temperatures with HML i s  qu i t e  surpr is ing i n  v i e w  of i t s  recognized thermal 
s t a b i l i t y  and r e l a t i v e l y  low d i e l e c t r i c  losses  a t  elevated temperatures. 

Except f o r  one 

It would seem d i f f i c u l t  t o  apply 

The decrease i n  breakdown vol tage a t  elevated 

I n  Fig. 3 the e f f e c t  of vacuum on the breakdown vol tage of f ibrous 
insu la t ions  i s  shown to  be j u s t  the opposite t o  t h a t  with f i l m  coated 
w i r e s .  The very la rge  increases i n  breakdown vol tage i n  vacuum and i n  
the  cryogenic l i qu ids  has ,  i n  f ac t ,  made the use of a d i f f e r e n t  s ca l e  
necessary. However, i t  i s  immediately apparent that the breakdown vo l t -  
age f o r  w i r e s  immersed i n  l iqu id  helium i s  r e l a t i v e l y  low and f o r  the 
g l a s s  f i b e r  served w i r e  even lower than i n  a i r  a t  room temperature. 
w i l l  be remembered from the  work of the  f i r s t  year on the  subject  con- 
t r a c t  that the breakdown voltage of l i qu id  helium i s  q u i t e  low but  higher 
than i n  a i r  a t  room temperature. 
vol tage of g lass  f i b e r  i n  l iqu id  helium m u s t  be considered pa r t i cu la r ly  
as contrasted t o  the  higher breakdown voltage f o r  f e l t e d  asbestos  under 
the  s a m e  conditions (see Wle IV-B). 
construct ion of the f e l t e d  asbestos provides a d i e l e c t r i c  "barr ier"  
a c t i o n  i n  l i qu id  helium much l ike  paper does i n  o i l  a t  n o m 1  temperatures. 
However, i f  such barrier ac t ion  is  responsible f o r  the  higher breakdown 
vol tage of asbestos i n  l iqu id  helium, i t  i s  d i f f i c u l t  t o  see why it does 
not  a l s o  function s imi la r ly  i n  l iquid nitrogen, where, i n  f a c t ,  the  
breakdown voltage f o r  the  g lass  f i b e r  i s  much higher than i n  f e l t e d  
asbestos .  During a recent  European t r i p  (see Appendix) the author 
discovered that the  e l e c t r i c a l  properties of l i qu id  helium are i n  some 
respects a t  l e a s t  unl ike other  l iquids  and t h a t  much remains t o  be learned 
about the d i e l e c t r i c  performance of cryogenic l iqu ids .  

It 

Therefore, the very low breakdown 

It i s  proposed t h a t  t he  " t ight"  
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The performance of both asbestos insulated wires i n  vacuum a t  elevated 
temperatures i s  qu i t e  good as shown i n  Fig.  3, but  reference t o  Tables IV-A 
and I V - B  w i l l  show that even so the  ac tua l  values of breakdown vol tage 
i n  vacuum a r e  not i n  general a s  high f o r  asbestos  a s  f o r  the  f i lm  coated 
w i r e s .  It should be remembered, a l s o ,  t h a t  the thickness of the 
f ibrous  insu la t ion  is several  times t h a t  of t he  f i lm  coating. Neverthe- 
less, the r e l a t i v e l y  good breakdown performance of f ibrous  insu la t ions  
i n  vacuum i s  important and does not seem t o  be cons is ten t  with the  out- 
gassing theory f o r  explaining the r e l a t i v e l y  poor breakdown performance 
of f i lm  coated w i r e s  i n  vacuum (f ibrous insu la t ions  must outgas a t  least 
a s  much a s  the  f i lm  coatings i n  vacuum). 

Breakdown Voltage a f t e r  Thermal Aping 

Breakdown vol tages  a f t e r  various periods of thermal aging and a l s o  
a f t e r  15 days a t  95% RJ3 - 80C are  compared i n  Table V. 
aging, measurements w e r e  made i n  a i r  a t  23C and a l s o  i n  l i qu id  helium 
a t  -2696. 
80C. Another set of measurements was made a f t e r  the  cabinet  contain- 
ing  the  samples was ca re fu l ly  cooled t o  23C and 95% RJ3 so a s  t o  avoid 
moisture condensation. F ina l ly ,  a t h i r d  set of samples was removed 
quickly from the  moisture conditioning chamber and immersed a s  soon a s  
possible  i n  l i qu id  helium (-269C). 
average breakdown vol tage a f t e r  aging t o  the  average value before aging, 
so a s  t o  more c l e a r l y  ind ica t e  the  e f f e c t  of thermal aging. Similar 
r e s u l t s  i n  char t  form f o r  m o i s t u r e  exposure a r e  p lo t t ed  i n  Fig. 6. I n  
Fig.  4 i t  is  immediately apparent t h a t  t he  breakdown s t rength  of PVC i n  
l i qu id  helium is  markedly reduced by thermal aging i n  vacuum but not  i n  
a i r .  Precisely,  t he  opposite e f f ec t  occurs with Hl? (see Fig. 5) i n  
t h a t  aging a t  125C i n  a i r  but not i n  vacuum r e s u l t s  i n  decreased d i e l e c t r i c  
s t rength .  While the  thermal degradation of HF i n  a i r  a t  125C is  apparent 
from the  decrease of breakdown voltage a t  both 23C and i n  l i qu id  helium, 
the  e f f e c t  i n  l i qu id  helium i s  more marked. It i s  perhaps very su rp r i s -  
ing t h a t  the  thermal degradation of PVC a f t e r  aging a t  125C i n  vacuum is 
measured by decreased breakdown voltage only a t  -269C and not a t  23C. 
The apparent d i f fe rence  i n  the  t h e r m 1  degradation mechanisms f o r  PVC and 
HF s e e m s  more obvious. It i s  l ike ly  that HF i n  a i r  c ross l inks  by oxida- 
t i o n  t o  become more b r i t t l e .  PVC, on the  o ther  hand, probably looses 
p las t icyzer  and perhaps other  components which provide s t a b i l i z a t i o n  
aga ins t  au toca ta ly t i c  degradation from evolved HC1. 

Af te r  thermal 

After  moisture exposure measurements w e r e  made a t  95% RH and 

Figs .  4 and 5 compare the r a t i o  of 

I n  Fig. 4 it i s  evident that  Teflon aged a t  250C (and perhaps a t  
12OC) decreases i n  vol tage breakdown measured a t  room temperature but  - not when measured i n  l i qu id  helium. No explanation f o r  such pecul iar  
p e r f o m n c e  can be advanced. It i s  unfortunate that thermal aging a t  
250C w a s  not a l s o  performed i n  vacuum. 
250C because they would char completely). 

(WC and HI? w e r e  not aged a t  

From Fig. 5 it may be observed that the vol tage breakdown of HML 
i s  not  s ign i f i can t ly  a f fec ted  by thermal aging even a t  250C ( i t  was shown 
earlier t h a t  both high and low temperatures i n  themselves do decrease 
the  breakdown vol tage of ML, however). Such thermal s t a b i l i t y  f o r  an 
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organic mater ia l  is  remarkable. The vol tage breakdown of the  asbestos  
insu la ted  w i r e s  was a l s o  not s ign i f i can t ly  a f fec ted  by thermal aging as 
shown i n  Table V (a f igu re  was no t  made) but such performance is  t o  be 
expected of inorganic mater ia ls .  

The e f f e c t  of moisture exposure i s  graphical ly  shown i n  Fig. 6. 
Some surpr i s ing  and confusing r e su l t s  appear, For example, the  break- 
down vol tage of ML coated asbestos does not s e e m  t o  be adversely a f f ec t ed  
by moisture exposure. 
by asbestos  such a r e s u l t  can hardly be believed. 
breakdown of aluminum phosphate impregnated asbestos  i s  degraded by 
moisture exposure a s  would be expected. 
when w e t  asbestos  insu la t ion  i s  tes ted  a t  -269C is  i n t e r e s t i n g  but  
expected on the  bas i s  of r e s u l t s  obtained previously. 
t h e  HML(GE) exhib i t s  decreased breakdown vol tage but  prec ise ly  the  op- 
pos i t e  e f f e c t  occurs with HML(PD). 
decreased breakdown vol tage a f t e r  moisture exposure, when measured a t  
room temperature or  a t  80C, i s  due t o  absorbed moisture but that a s imi la r  
decrease when measured i n  l iqu id  ni t rogen may denote 
moisture degradation such as hydrolytic,  molecular sc i ss ion .  Such a 
hypothesis would mean that HML(PD) i s  more r e s i s t a n t  t o  hydrolyt ic  
molecular s c i s s ion  than HML(GE). The information t o  d a t e  i s  inadequate 
f o r  such a sweeping conclusion bu t  the subject  w i l l  be re-examined l a t e r  
i n  reference t o  f l e x i b i l i t y  measurements. 

I n  view of the  recognized moisture absorption 
However, the vol tage 

The increased breakdown vol tage 

I n  l i qu id  helium 

It is  tempting t o  theor ize  that 

a more permanent 

Dissipat ion Factor a f t e r  Thermal Aging 

I n  the  Sixth Quarterly Report, January 1963, t he  e f f e c t  of thermal 
aging on the  capacitance of various w i r e  insu la t ions  has been compared 
when measured both a t  room temperature and a t  -269C i n  l i qu id  helium. 
The changes a r e  small f o r  the  extruded and f i lm  coated w i r e s .  For t he  
asbestos  insu la t ion  la rge  changes i n  capacitance occur between room 
temperature and -269C probably because the  ever present moisture i n  
asbestos  f reezes  and a t  very low temperatures ion ic  conductivity does 
not  cont r ibu te  appreciably t o  d i e l e c t r i c  losses .  However, capacitance 
is  not a s ens i t i ve  ind ica tor  of changes produced by thermal aging. 

Dissipat ion f ac to r  does provide a s ens i t i ve  ind ica t ion  of change 
A complete tabula t ion  of r e s u l t s  i s  brought about by t h e r m 1  aging. 

given i n  Table V I .  To make comparison easier, average r e s u l t s  a s  r a t i o s  
a r e  shown i n  Figs. 7A and 7B. These two f igu res  compare 1 KC measure- 
ments made a t  236-509, RH. Measurements made i n  l i qu id  ni t rogen and i n  
l i q u i d  helium a r e  reported a l s o  i n  Table V I  but do not provide a 
p a r t i c u l a r l y  usefu l  means of studying aging e f f e c t s .  

It is  p a r t i c u l a r l y  in t e re s t ing  t o  compare test  r e s u l t s  a f t e r  aging 
a t  120C i n  vacuum (shown on t h e  top half  of Fig. 7A) t o  aging a t  120C i n  
a i r  (shown i n  the  bottom half  of Fig.  7A) It i s  apparent, immediately, 
that the  d i s s ipa t ion  f a c t o r  of WC increases  s l i g h t l y  when aged i n  
vacuum and decreases when aged in a i r .  
f a c t o r  of HF increased only when aged i n  a i r .  

I n  con t r a s t ,  t h e  d i s s ipa t ion  
These r e s u l t s  c o r r e l a t e  
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DAYS AT 120C 

(ML) 

Fig. 

- - - - - - - - 60 I I  
I I I I I 1- 

HF 

HML 
(GE) 

HML 
(PD) 

PVC 

Teflon 
Extruded 

As b e s'to s 

-- Aged at 120 C in Vacuum ----- 

7 A  C o m p a r i s o n  of  D i s s i p a t i o n  F a c t o r  a f t e r  T h e r m a l  

Note: 1 K c  Measurements made at 23 C - 5070 RH 

A g i n g  a t  120 C 
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HML(GE) 

HML(PD) 

Teflon 
(Extruded) 

Asbestos 

DAYS AT 250C 
I 

I 
120 

I 

i 
I 

120 -- - 
I I 

(Phosphate) 

120 - - - _ _ - - - - - -  
(Phosphate) A s  be s to s PI- - I  

I 

0 1 2 3 
Ratio to Unaged Value 

4 

Note: 1 Kc measurements made at  23 C - 50% RH 

F i g .  7 B  C o m p a r i s o n  of D i s s i p a t i o n  F a c t o r s  a f t e r  T h e r m a l  
A g i n g  a t  2 5 0  C 
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with the r e s u l t s  of breakdown t e s t s  described e a r l i e r .  
that thennal degradation i n  PVC is accelerated by lo s s  of p las t icyzer  
i n  vacuum but that  degradation in  Formex r e s u l t s  from oxidation. 

They indica te  

The decrease i n  d iss ipa t ion  f ac to r  with ML samples and a l s o  f o r  
Teflon a t  120C i n  both a i r  and vacuum i s  in te res t ing .  The decrease 
f o r  ML can perhaps be ascr ibed to cure but the change i n  Teflon i s  much 
more d i f f i c u l t  t o  understand. It i s  possible  t h a t  some of the  high 
molecular weight, hydrocarbon lubricant  (usual ly  cetane) used i n  the  
extrusion of t h e  Teflon has been trapped i n  the  fusion process and i s  
removed during thermal aging. 
aluminum phosphate impregnated asbestos a f t e r  aging a t  120C may be 
a t t r i b u t e d  t o  lo s s  of moisture in  the  impregnant s ince ML coated asbestos  
does not show the  same decrease. 

'The decrease i n  d iss ipa t ion  f ac to r  f o r  

The r e s u l t s  i n  Fig. 7B show r e s u l t s  a f t e r  aging a t  250C opposite t o  
those which occur a f t e r  aging a t  125C (except f o r  asbestos) .  The 
r e l a t i v e l y  la rge  increase i n  d iss ipa t ion  f a c t o r  a f t e r  aging a t  25OC i n  
a i r  f o r  HML(GE) and f o r  Teflon m y  be due t o  the  development of an 
oxide layer  on the  copper conductor which introduces e l e c t r i c a l  losses .  
I f  copper oxidation alone i s  responsible,  i t  is  d i f f i c u l t  t o  explain 
the d i f fe rence  i n  performance between the  General E l e c t r i c  and Phelps 
Dodge ML coatings. It may be that the  PD ML coating adheres b e t t e r  
to  the  copper and thereby with it  the  oxide growth is  inh ib i ted .  

Capacitance and Dissipation Factor a f t e r  Moisture Exposure 

Capacitance and d iss ipa t ion  f a c t o r  measurements af ter  moisture 
exposure are reported i n  Tables V I 1  and V I 1 1  f o r  a l l  of the pr inc ipa l  
w i r e s  except asbestos.  
a f t e r  moisture exposure are too high t o  be e a s i l y  measured.) A t  low 
temperatures (Condition 3 ) ,  the  capacitance changes shown i n  Table V I 1  
are due t o  change i n  temperature r a the r  than t o  t h e  e f f e c t  of moisture 
exposure. The changes i n  capacitance as  shown by the r a t i o  f igures  
f o r  measurements both a t  95% RH and a f t e r  drying are r e l a t i v e l y  small. 
The changes i n  d i s s ipa t ion  fac tor  are l a rge r  (see Table V I I I )  and have 
been p lo t ted  as  r a t i o s  i n  Fig,, 8** I n  view of the  e f f e c t  of moisture 
i n  decreasing the  vol tage breakdown of HF, i t  i s  surpr i s ing  t h a t  no 
change i n  d i s s ipa t ion  f ac to r  i s  indicated a f t e r  moisture exposure. 
The increase i n  d iss ipa t ion  fac tor  f o r  HML specimens a f t e r  drying a t  
room temperature is very d i f f i c u l t  t o  explain and the  increase f o r  
Teflon under t h e  s a m e  condition i s  the  most puzzling of a l l .  The 
d i s s ipa t ion  f ac to r  values f o r  the Teflon specimens remained high even 
when dr ied  a t  8OoC f o r  24 hours. 
remembered that the breakdown voltage of HML is  always decreased a t  
-269C ( i n  vacuum o r  i n  l iqu id  helium) as  compared t o  room temperature. 
Perhaps very cold temperatures cause some s o r t  of de t e r io ra t ion  i n  HML 
coatings which has not been characterized so f a r .  
a l s o ,  that o ther  inves t iga tors  have sometimes found s t range types of 
degradation i n  electrical propert ies  when Teflon has been exposed t o  
moisture. 

(The values of d i s s ipa t ion  f ac to r  f o r  asbestos  

A t  t h i s  point ,  i t  should be 

It should be noted, 

* 
been included. 
e f f e c t s  of moisture exposure, 

The values of d i ss ipa t ion  fac tor  a t  -296C i n  l iqu id  helium have not  
Very low values were obtained which do not show s ign i f i can t  
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Table V I 1  

Capacitance Before and Af ter  Moisture Exposure 

Sample T e s t  Condition 
Spec . No. 1 2 * 3 4 * 
PVC 1 39.81 39.17 .985 25.53 39.28 .99 

2 41 -47 40.61 .98 27.16 41 . 16 1.01 
.95 3 42.91 41.40 .965 27.83 40.66 - 

.98 .98 

HF 1 65.31 71.64 1.10 65. 09 67.94 1.04 
2 62 . 61 70.88 1.13 63 . 82 67.54 1.08 

1.03 
1.11 1.05 

3 .  60.57 67.78 - 1.10 61.80 64.95 - 

Teflon 1 14 . 63 13.79 .945 14.57 13.78 .94 
2 14.55 13.79 . 945 14.89 14 e 13 .97 
3 13 . 73 12.59 - .92 14.03 12 . 95 

94 
- .945 
.95 

HML /GE 1 59.17 57.77 . 975 64.33 65.57 1.085 
2 65 -49 67.22 1.03 71.90 72.14 

1.05 
1.075 
1.08 

HML /PD 1 67.39 69.77 1.03 77.30 73.63 1.09 
2 68.09 70.33 1.03 76.44 68 . 03 1.00 
3 67.30 68.25 1.02 74.25 73.10 1.085 

1.03 1.06 

* Ratio to Unexposed Value 

Condition 1 -- A s  received - 23C & 50%RH 

2 -- After  exposure a t  80C-95% f o r  15 days I t  

Specimen removed from chamber and placed immediately i n  

Removed from condition 2 above and plunged d i r e c t l y  i n t o  

chamber a t  23C 95% RH and measured a f t e r  36 hrs .  a t  23C-95%RH 

3 -- I t  

l i qu id  nitrogen before measurement 

4 -- Removed from Condition 3 above and kept a t  23C 50% RH f o r  II 

72 hrs .  before measurement. 

- 2 8  - 



Table VI11 

Dissipation Factor Before and After Moisture Exposure 

Sample Test Condition 
Spec. No , 1 2 3 4 

PVC 1 0.0975 0.091 
2 .0958 .090 
3 .0947 .088 

HF 

Teflon 

HML /GE 

1 0.00717 0.0071 
2 .005 80 .0070 
3 .00590 .0068 

1 0.00077 0.00057 
2 ,00078 .0012 
3 .00069 .00050 

1 0.00164 0.0054 
2 .00159 .005 9 

HML/PD 1 0.00120 0.0030 
2 .00114 .0024 
3 .00117 .0029 

0,0001 
.0007 
.0002 

0.0006 
.0012 
.0009 

< 0.0000 
< .oooo 

.0009 

0.0001 
.0008 

0.0003 
.0002 
.0006 

0.0933 
.0897 
.0909 

0.0062 
,0066 
.0059 

0.0006 
.0025 
.0024 

0.0098 
.0095 

0.0057 
.0019 
.0054 

Condition 1 -- As received - 23C & 50% RH 
2 -- After exposure at 80C-95% for 15 days I 1  

Specimen removed from chamber and placed immediately 
in chamber at 23C 95% RH and measured after 36 hrs. 
at 23C- 95% RH 

Removed from Condition 2 above and plunged directly into 
liquid nitrogen before measurement 

Removed from Condition 3 above and kept at 23C 50% RH for 
72 hrs, before measurement. 

3 -- 11 

4 -- I t  

- 29 - 



Tested at 23C - 95% RH 

HF 

P HML (GE 

I 1 
4 

~ 

Teflon 

0 1 2 3 4 
R a t i o  

Tested after 72 Hours 
at 23C - 50% RH 

Note: Measurement made at 1 Kc 

F i g .  8 C o m p a r i s o n  o f  D i s s i p a t i o n  F a c t o r s  a f t e r  E x p o s u r e  
f o r  1 5  D a y s  a t  8 0  C a n d  95'7'0 R H  
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Surface and Volume Resistance 

The volume res i s tance  of m o s t  good insu la t ing  mater ia ls  i s  d i f f i c u l t  
t o  measure, pa r t i cu la r  on shor t  lengths of w i r e .  
volume res i s tance  measurements a re  useful  i n  determining the  presence 
o r  e f f e c t  of foreign inclusions,  holes  o r  d i scont inui t ies .  
however, usual ly  prevent determination of the  i n t r i n s i c  res i s tance  
proper t ies .  However, a t  high humidities volume and r e s i s t ance  can more 
e a s i l y  be measured. 

On long lengthg of w i r e ,  

These defec ts ,  

Surface res i s tance  usua l ly  can be measured a t  50% RH because even 
such low humidities have an e f f ec t  on t h e  surface condition. Some 
problems a r e  involved with surface res i s tance  measurements of insu la t ion  
on w i r e  pa r t i cu la r ly  a t  high humidity when lowered volume res i s tance  may 
i n t e r f e r e  ( the  conductor i s  usual ly  connected t o  the  guard c i r c u i t  and 
too low a res i s tance  t o  guard w i l l  upset such measurements). When 
r e s i s t ance  measurements a t  very low temperatures are needed, e lec t rode  
problems become pa r t i cu la r ly  important. The bundled, concentric w i r e  
sample developed i n  t h i s  program f o r  the  measurement of AC cha rac t e r i s t i c s  
has been found not s u i t a b l e  f o r  DC volume measurements and is  inappl icable  
f o r  surface measurements. S i lver  pa in t  o r  exaporated gold e lec t rodes  are 
no t  su i t ab le  f o r  t he  a sbes tos  samples and both f l ake  off other  insu la t ions  
even a t  l i qu id  ni t rogen temperatures as described i n  previous reports .  
Consequently, f o r  the subject  work, t h i n  lead f o i l  e lec t rodes  w e r e  used. 
Two 3/8 inch wide lead f o i l  e lectrodes were wound t i g h t l y  around the  
insu la ted  w i r e  and spaced 1/8 inch apa r t .  
between the  two electrodes with the conductor connected t o  guard so a s  
t o  avoid a s  f a r  a s  possible  the  e r ro r s  introduced by volume res i s tance .  
Volume res i s tance ,  i n  tu rn ,  i s  measured by connecting the two surface 
e lec t rodes  together and measuring t o  the  center  conductor without attempting 
t o  use guarding techniques which would be complicated and probably ine f -  
f e c t i v e  i n  preventing e r ro r s  introduced by low values of surface res i s tance .  
The somewhat unre l iab le  contact provided by f o i l  e lec t rodes  aga ins t  t he  
in su la t ion  surface may have a marked e f f e c t  on volume re s i s t ance  but  
probably much less e f f e c t  on surface res i s tance .  Overall, res i s tance  
measurements a t  bes t  provide, primarily, an ind ica t ion  of change and can 
be most e f f e c t i v e l y  used t o  determine the  e f f e c t  of exposure conditions 
such as high humidity. I n  consequence, no attempt has been made t o  
ca l cu la t e  r e s i s t i v i t y  s ince  only r e l a t i v e  values are needed. 

Surface r e s i s t ance  i s  measured 

Values of both volume and surface res i s tance  a r e  shown i n  Table IX. 
A comparison can be made of t he  surface r e s i s t ance  a t  both 50 and 95% RH. 
Except f o r  asbestos ,  the surface r e s i s t i v i t y  f o r  t he  d i f f e r e n t  w i r e  
i n su la t ions  i s  remarkably s imilar  and, of course, lower by about th ree  
decades a t  95% RH a s  compared t o  50% RH. 
plunged i n t o  l i qu id  nitrogen, the sur face  res i s tance  was higher than a t  
50% RH and 23C. 
i n  l i qu id  ni t rogen i s  expected on the  bas i s  of previous work, 

When the  w e t  samples w e r e  

The r e l a t i v e l y  high surface res i s tance  f o r  asbestos  

The very low volume res i s tance  of t h e  asbestos  in su la t ion  a f t e r  
moisture exposure i s  expected and the  f i v e  decade increase a f t e r  



HF 

HML (GE) 

HML (PD) 
PVC 

Teflon 
(Extruded) 

Asbestos 
(Phosphate) 

Table I X  

Average Values of Surface and Volume Resistance 
Before and After Moisture Exposure 

Surface 
Resistance 

a t  23C-50% RH 

Surface Resistance 
a f t e r  15 Days a t  80C-95% RH 
a t  23C-95% RH I n  Liq. N, 

15 

16 

16 

15 

15 

2.2 x 10 

1.7 x 10 

1.2 x 10 

5.3 x 10 

8.6 x 10 

11 2.3 x 10 

16 

16 

15 

16 

16 

1.6 x 10 

2.7 x 10 

8.3 x 10 

1.9 x 10 

1.5 x 10 

13 

13 

13 

13 

13 

6.6 x 10 

2.2 x 10 

1.7 x 10 

3.0 x 10 

1.2 x 10 

* 15 1.1 x 10 

Volume Resistance 
a f t e r  15 days a t  23C-95% RH 
a t  23C-95% RH I n  Liq. N2 

1.6 x 10 

6.5 x 10 

1.2 x 10 

2.6 x 10 

1.9 x 10 

1.4 x lo t ? )  

1.1 x 10 

2.1 x 10 

9.2 x l o ( ? )  

2.5 x l o ( ? )  

12 

12 

12 

12 

13 

14 

14 

10 

12 

5 1,5 x 10 10 1.9 x 10 

* Leakage t o  guard electrode (center w i r e )  prevented measurement 

(? )  Unexplained low values -- see t e x t  

NOTES: Except f o r  asbes tos ,  volume re s i s t ance  a t  50% RH l ies  above the s e n s i t i v i t y  
l i m i t s  of t he  instruments used; i.e., > 10 17 

The test specimen consisted of a s ing le  w i r e  with two 3/8" wide, 
t i g h t l y  wrapped, lead f o i l  e lectrodes spaced 1/4 inch apa r t .  For 
surface measurements the  w i r e  i t s e l f  was connected to  guard. A 
test  vol tage - 500 v o l t s  (except 10 o r  25 v o l t s  with asbestos)  - 
was appl ied f o r  1,minute before measurements w e r e  made. 



immersion in liquid nitrogen is not surprising. However, the volume 
resistances for the other wires after moisture exposure are lower than 
might be expected, particularly for PVC and Teflon. The decreased 
volume resistance for three of the wire insulations (indicated in Table IX 
by (?)) after immersion in liquid nitrogen is amazing: However, the 
odd performance of ML in other tests at liquid nitrogen temperature is 
curiously not repeated in the case of volume resistance which increases 
as might be expected but certainly even so not to the high values for dry 
materials at room temperature. It is conceivable, but not probable, 
that the metal foil electrodes grip the test specimens more lightly in 
liquid nitrogen than they do at room temperature. 
uncharacterized effect of absorbed moisture (ice) at very low temperatures 
is involved and much more study is needed to understand the phenomenon. 

More likely some 

Repeated Mandrel Flexibility as a Function of Temperature 

Repeated mandrel flexibility at low temperatures has been used 
throughout the subject program to determine mechanical performance of 
wire insulations at very cold temperatures. Very little difference 
in flexibility has been noted in tests at -296C in liquid helium and 
at -196C in liquid nitrogen. At both of these temperatures, all of 
the wire insulations except the asbestos are much less flexible than 
at room temperature. Obviously, at some intermediate temperature, 
intermediate values for flexibility will be obtained and different 
materials might, in fact, be rated in a different order than at very 
low temperatures. Consequently, the contract requirement for tests 
at -6OC was welcomed. 
is likely to be encountered under normal conditions at the earth's 
surface. 

The -6OC temperature is about the lowest that 

Table X provides a comparison of repeated mandrel flexibility at 
four temperatures for the principal wire insulations of this program. 
While the order of rating for the different insulations at low 
temperatures does not change at -6OC as compared to the lower temperatures, 
it is apparent that Teflon and the PVC are no longer brittle at -6OC. 
The performance of the PVC in particular is better than might be expected 
even though a formulation designed for low temperature use had been 
selected. 

Repeated Mandrel Flexibility after Thermal Aping and Moisture Exposure 

Mandrel flexibility tests made at room temperature have been used 
for many years to follow the deterioration which occurs during aging at 
elevated temperatures. 
flexibility at room temperature after chemical aging in vacuum and air 
at 120C and in air at 250C. HF exhibits no measurable decrease in flex- 
ibility after aging in vacuum at 120C for 120 days but failure on a 
1/4 inch mandrel was obtained after aging in air at 120C for 60 days. 
The HML samples were able to withstand a 1 X bend (own diameter) without 
failure after aging at 120C in both air and vacuum. 
aging for 60 days at 120C in air at 250C, failure occurred after 
reverse flexing around a 1/8 inch mandrel and the flexibility decreased 

Table XI gives results of repeated mandrel 

However, after 
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Table X 

Repeated Mandrel Flexibility 
As a Function of Temperature 

(Unaged Samples) 

Wire 

HF 
- -269C 

112 
112 - 1-314 

1-114 

-196C 

112 
112 - 1-112 

1 

23C 

Failure 
Crazed 
Sa ti sf actory OK - lX* 

HML(GE) 

(PD) 

Triple ML(PD) 

Teflon 
(Extruded) 

PVC 

Satisfactory OK - 1/8* OK - 118 OK - 1x 
O K - =  

OK - 1x 
Sat is f ac tory OK - 118 OK - 118 
Sat is f a c tory OK - 118 CK - 118 
Failure 
Satisfactory 

1 
1-1/4 

1 
1-114 OK - 118 OK - 1x 

1-314 --- Failure 
Satisfactory 

1-314 --- OK - 118 O K - l x  

3 I4 
118 - 314 

1 

118 
118 - 314 

1 

Asbestos 
(Phosphate) 

Failure 
Cracks 
Satisfactory 

112 
118 - 112 

3 I4 

112 
118 - 112 

3 I4 
--- 

Asbestos 
(ML Coat) 

Failure 
Cracks 
Sat is f ac tory 

118 
118 - 114 

112 
--- 

* 
* OK - 118 indicates no failure when reverse flexed 10 times around a 1/8" mandrel. 

OK - 1X indicates no failure when wrapped around its own diameter. 

"Failure" involves loss of adhesion with film coatings or a crack through to the 
copper with fibrous coatings . 
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s t i l l  fu r the r  a f t e r  120 days a t  250C. These tests a f t e r  thermal aging 
co r re l a t e  w e l l  with the changes i n  e l e c t r i c a l  propert ies  described 
earlier i n  t h i s  report .  However, f o r  mandrel f l e x i b i l i t y  tests made 
a t  room temperature, no decrease i n  f l e x i b i l i t y  a f t e r  thermal aging 
was noted f o r  the other  w i r e s .  It is  in t e re s t ing  that room temperature 
f l e x i b i l i t y  with WC aged a t  120C i n  vacuum did not show evidence of 
degradation l i k e  that indicated by the electrical tests. 
number - but not a l l  - specimens of PVC insulated wire aged f o r  60 days 
i n  vacuum a t  120C and then bent around t h e i r  own diameters did s p l i t  
when immersed i n  l iqu id  helium. Such f a i l u r e s  did not occur with 
PVC even a f t e r  120 days aging i n  a i r  a t  120C. The insulated Teflon 
specimens could a l s o  be bent around t h e i r  own diameter and then be 
immersed i n  l iqu id  helium without f a i l u r e  even a f t e r  aging f o r  120 days 
a t  250C. 

However, a 

Table X I  ( i n  the  column a t  the r igh t )  shows that moisture exposure 
does not adversely a f f e c t  the room temperature f l e x i b i l i t y .  

F l e x i b i l i t y  measurements were made a l s o  a t  -264C i n  l iqu id  helium 
a f t e r  thermal aging and moisture exposure with the r e s u l t s  shown i n  
Table X I I .  The r e s u l t s  a f t e r  thermal aging are p lo t ted  i n  Fig. 9. 
It i s  apparent t h a t  the same types of changes which were indicated with 
f l e x i b i l i t y  measurements made a t  room temperature a r e  a l s o  apparent 
f o r  f l e x i b i l i t y  measurements made a t  low temperatures. 
tests a re ,  i n  f a c t ,  even more sens i t ive  t o  changes i n  thermal aging 
than the  tests made a t  room temperature except that PVC i s  so b r i t t l e  
i n  l i qu id  helium that even unaged samples cannot be evaluated. 
i n t e r e s t i n g  that thermal aging has no s ign i f i can t  e f f e c t  on the 
f l e x i b i l i t y  of Teflon a f t e r  aging even a t  250C f o r  120 days. Thus, 
co r re l a t ion  i s  not es tabl ished for  Teflon with changes i n  e l e c t r i c a l  
p roper t ies  which w e r e  observed and reported earlier. 

Results f o r  repeated mandrel f l e x i b i l i t y  tests i n  l i qu id  helium 
a f t e r  15 days exposure a t  80C and 95% RH a r e  given a l s o  i n  Table X I 1  
and shown graphical ly  i n  F ig .  10. While the  room temperature tests 
gave no indicat ion of degradation from the moisture exposure, the 
f l e x i b i l i t y  tests i n  l iqu id  helium indica te  marked degradation f o r  HF 
and HML specimens but not f o r  Teflon (PVC,of course, could not be evalu- 
a t ed  i n  l iqu id  helium). 
l y t i c  molecular sc i ss ion  is  indicated by the  decreased f l e x i b i l i t y  i n  
l i qu id  helium. However, physically absorbed moisture, r a the r  than 
molecular sc i ss ion ,  may be responsible f o r  the decreased f l e x i b i l i t y  
of the  insu la t ions  i n  l iqu id  helium. 

The f l e x i b i l i t y  

It is 

Again it i s  tempting t o  theorize t h a t  hydro- 

Compression, Cut-through Resistance 

T e s t  methods f o r  the  cut-through cha rac t e r i s t i c s  of w i r e  insu la t ion  
have been the  subject  of more controversy than perhaps any other  w i r e  
evaluation technique. 
so many f ac to r s  a r e  involved and the  mechanism of f a i l u r e  obtained is 
d i f f e r e n t  not  only f o r  d i f f e ren t  mater ia ls  but a l s o  with d i f f e r e n t  
test methods. 
cont rac t  t o  solve the  thermal cut-through evaluation problem. It i s  

The controversy a r i s e s  a t  l e a s t  i n  pa r t  because 

It i s  not within the  scope of work under the  subject  
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I 
8 

I 
8 

No Humidity Exposure 

HML(GE) 

HF t 
P HM L(PD ) 

P Teflon 

A s  be s to s 
(Phosphate) 

Asbestos 
(ML Coat) 

15 Days- 8OC - 9570 RH 

0 112 1 1112 2 0 112 1 1 112 2 

Mandrel Diameter (Inches ) 
To Cause Failure in Liquid He 

[ f tLess  than 1/8” 

F i g .  10 E f f e c t  of H u m i d i t y  E x p o s u r e  o n  R e p e a t e d  
M a n d r e l  F l e x i b i l i t y  a t  - 2 6  9 C 
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important, nevertheless, to gain some idea of the cut-through per- 
formance of insulations considered for cryogenic applications because 
in processing or in part of their life cycles they may be exposed to 
high temperatures. 
under impression, stress is likely to occur at cryogenic temperatures 
as has been occasionally reported. 

It is even more important to determine if failure 

I comprehensive eva lua t ion the effect of 

vestigated. For this program the test 
temperature, load and time can be in- I . _ _ _ _ _ _ _  

I 

I 

It is apparent from the foregoing that plastic flow in materials 
like PVC and Teflon is greatly reduced at liquid nitrogen temperatures 
or below. Instead, the brittleness might lead to a "shattering" failure 
under compressive stress at low temperatures. Such failure was obtained 
in liquid nitrogen with a 4.7 lb. load applied to a .025 in. diameter 
steel rod held perpendicular to a PVC insulated wire. 
spalling occurred also in a similar test on HF in liquid nitrogen while 

Cracking and 
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Table XI11 

Crossed Loop Compression Tests 

(48 hours under 10 Kg load) 

Breakdown Voltage - KV 

Wall Thick- -196C 
- Wire ness - In. (Liq.  N2) 23C 120c 250C 

HF .0013 Not Not 8.1 Shorted 
Tested Tested 8.5 

11.0 
9.2 
- 

WC 

Teflon 

0014 

.0071 

,0114 

8.5 Not 12.3 10.5 
9.3 Tested 14.2 12.0 

12.0 
9.0 10.7 11.5 

- 15.6 - - 9.3 

15.8 0.1 Shorted Not 
* 0.2 Tested 

16.8 14.1 Shorted Shorted 
27.0 15 -0 

0.15 

31.0 
25.0 
- 16.0 

15 .O 

Asbestos .0054 Not Not 1.0 0.9 
(Phosphate) Tested Tested 1.4 1.0 

- 1.4 - 1.2 
1.3 1.0 

* Two other  tests were abort ive because the  g l a s s  separat ing 
p l a t e s  broke. 
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a load was being applied slowly t o  a maximum of 50 pounds. 
the  load a t  which f a i l u r e  ac tua l ly  occurred could not be determined by 
o ther  mechanical o r  e l e c t r i c a l  techniques. The vol tage breakdown, f o r  
example, was not  markedly reduced when cracking occurred probably because 
l i qu id  ni t rogen - a good d i e l e c t r i c  - i n s t a n t l y  f i l l e d  the  cracks. Many 
techniques have been investigated,  without success,  i n  an attempt t o  
obta in  a quant i ta t ive  measure of shatter r e s i s t ance  a s  described i n  the  
7th Quarterly Report. The problem i s  complicated fur ther  by the  
necess i ty  f o r  carefu l  microscopic examination t o  determine t h e  presence 
of cracks when they do occur i n  some mater ia ls  l i k e  HML. For example, 
a 500-pound load applied t o  a hardened .025 in .  steel rod held a t  r i g h t  
angles  to  t h e  HML insulated wire i n  l i qu id  ni t rogen w i l l  near ly  cut  
t h e  w i r e  i n  two as shown i n  Photo fl. 
microscope w i l l  f a i l  t o  show any damage t o  the  ML enamel fi lm. How- 
ever ,  e l e c t r i c a l  tests of the  t e s t  specimen i n  s a l t  water w i l l  i nd ica t e  
t h a t  f i lm  f a i l u r e  has occurred. With carefu l  metal lurgical  techniques 
t h e  sample can be c a s t  i n  p l a s t i c ,  cross-sectioned, polished, etched, 
and photographed under high-magnification a s  shown i n  Photo 82. It 
is  then possible  t o  see the  cracks i n  the  enamel f i lm  and evidence of 
l o s s  of adhesion. 
absence of cracks i n  an HF f i lm a l s o  placed i n  compression under l i qu id  
-_ .  AbLogen t.. 

I f  t he  compressive deformation is made severe enough, HML and o ther  w i r e  
enamels can be made t o  crack even a t  room temperature as shown i n  
Photo #4. 
needle held a t  r i g h t  angles  t o  the w i r e .  Careful examination of t he  
photograph indica tes ,  a l s o ,  that t h e  e n a m e l  f i lm  under the  needle has 
delaminated and the outer  layer  o r  l ayers  have f laked away. 
lamilar  s t r u c t u r e  of t he  w i r e  enamels is  c l e a r l y  v i s i b l e  i n  severa l  of 
t h e  microphotographs. 
noted occasionally with some HML f i lms  on wire i n  mandrel f l e x i b i l i t y  
tests under l iqu id  helium. 

Unfortunately, 

Examination with a low power 

The same technique has been used t o  show the  

hit with much less compressive load a s  shown i n  Photo #3. 

I n  t h i s  case, 50 pounds w a s  applied t o  a .010 in .  diameter 

The 

It can be  noted here  t h a t  delamination has been 

The microphotographs indicate  t h a t  with laborious experimental 
techniques, the tendency f o r  wire in su la t ion  t o  crush under compressive 
load a t  very cold temperatures can be determined. It i s  evident ,  a l s o ,  
except f o r  WC, very la rge  compressive stresses which cause considerable 
deformation of the copper are needed t o  cause degradation. 
doubted that these severe s t r e s ses  a r e  representa t ive  of usual  appl ica-  
t i o n  conditions but do provide warning that they should be avoided. 

It i s  

Abrasion Resistance 

I f  cut-through tests are subject t o  the  g rea t e s t  disagreement, 
abrasion tests f o r  insulated wires a r e  undoubtedly next i n  l i n e .  
Again, it is  not the purpose of the subjec t  work t o  develop abrasion 
tests but  r a the r  t o  obtain a t  l ea s t  a q u a l i t a t i v e  idea of performance 
i n  t h i s  respect .  Other work has indicated t h a t  t he  NEMA repeated 
scrape abrasion test can be used with extruded insu la t ions  a s  w e l l  
a s  the f i l m  coated w i r e  f o r  which i t  was designed. It i s  necessary 
t o  change the  loads on the  machine t o  cover a range of w i r e  insu la t ions .  
Consequently, a s  given i n  Table XIV,  t he  standard NEMA loads have been 
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Photo #1 

Depress ion . in  .025 i n  HML Insu la t ed  Wire Produced by 500 Pound 
Load on .025 i n  S t e e l  Mandrel i n  Liquid Nitrogen - 20X Magnif icat ion 
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Photo 112 

Cross Sect ion  of Depression i n  .025 i n  HML I n s u l a t e d  Wire Produced by 
500 Pound Load on .025 i n  Steel  Mandrel i n  Liquid Nitrogen - 250X Magni f ica t ion  
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Photo 83 

Cross Sect ion of Depression i n  .025 i n  HF I n s u l a t e d  Wire Produced by 
10 Pound Load on .025 i n  Steel Mandrel i n  Liquid Nitrogen - 250X Magnif icat ion 
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Photo #4 

Cross Sect ion of Depression i n  .025 i n  HML I n s u l a t e d  Wire Produced by 
50 Pound Load on .010 i n  Needle a t  Room Temperature - 250X Magnif icat ion 
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I 
I 
8 

100 
62 
87 
27 

252 
90 

106 

Avg. 103 
- 

Table X I V  

Repeated Scrape Abrasion Tests at 23C 50% RH 
Number of Cycles t o  Fa i lu re  

Load - 540 grams 
Teflon Asbestos PVC - HF HML(P.D.) HML(G.E.1 - 

25 
35 
20 
31 
33 

18 
24 
85 
70 
48 

16 > 500 
11 > 500 
10 > 500 
14 
12 

- - - - 
29 49 13 > 500 3 

Load - 270 grams 
- PVC Asbestos 

28 
17 
24 
24 
23 

Avg. 23 
- 

3 
6 
8 
5 
5 

5 
- 

Load - 1000 grams 
Teflon 

75 
102 
30 
48 
73 

66 
- 
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used with the f i lm  coated w i r e s  HF and HML, a higher load a l s o  with 
the  extruded Teflon and a lower load a l s o  with PVC and aluminum 
phosphate impregnated asbestos.  
i s  normal. Despite the somewhat lower repeated scrapeabrasion of 
HML as  campared t o  H F ,  such a difference is  not usual ly  apparent i n  
the  serv ice  experience known t o  the  author. The super ior i ty  shown 
f o r  the  Teflon w i l l  undoubtedly be rea l ized  i n  appl icat ion.  
deficiency i n  the  abrasion resis tance of the  aluminum phosphate 
impregnated asbestos i s  a l s o  considered realistic i n  terms of service.  

The v a r i a b i l i t y  i n  the  test r e s u l t s  

The 

Mandrel F l e x i b i l i t y  of Ribbon Cable 

N o  fu r the r  work on ribbon cable has been car r ied  out during the  
last  quarter  because the  desired samples of H f i lm construction have 
not  ye t  been obtained. 
Report, therefore ,  have been included here  i n  Table XV. It i s  apparent 
that superior performance i s  contributed by H f i l m  and that the attempts 
t o  obtain superior  H f i lm constructions should be continued. 

The r e su l t s  described i n  the Seventh Quarterly 

Die l ec t r i c  Constant and Dissipation Factor  
of 

Cryogenic Liquids 

The in t e re s t ing  and i n  some respect surpr i s ing  s tud ie s  on the  
breakdown voltage of cryogenic l iqu ids  (see 4th Quarterly Report - 
J u l y  16, 1962) have indicated a need f o r  an understanding of other  
e l e c t r i c a l  propert ies .  
on the  s t a t i c  o r  low frequency, d i e l e c t r i c  constant of cryogenic 
liquids bit iio i i i f o m t i o i i  on their dielectric losses. A c o i ~ c r s a t i ~ ~ ~  
with Prof. Van I t te rbeek  i n  Louvain, Belgium, ind ica tes  t h a t  a t  least 
some of these d i e l e c t r i c  constant determinations w e r e  made by calcula-  
t i o n  from DC absorption measurements. 
t he  so-called "static" d i e l e c t r i c  constant. .  A zero frequency d iss ipa-  
t i o n  fac tor  can be calculated a l so  but f o r  very low values i t  i s  
doubted that s u f f i c i e n t  s e n s i t i v i t y  could have been obtained i n  in s t ru -  
ments ava i lab le  a t  the t i m e  the measurements were made. 

A search of the l i t e r a t u r e  has revealed data  

Such ca lcu la t ions  would give 

While the "static" o r  zero frequency measurements are in t e re s t ing ,  

For t h i s  reason, measurements w e r e  attempted of 
they are most usefu l  i n  considering the  u l t imate  extension of the  l o w  
frequency range. 
d i e l e c t r i c  constant and d iss ipa t ion  f ac to r  i n  the range of frequencies 
from 100 t o  10,000 cps. When measurements must be made a t  the  bottom 
of a c ryos ta t ,  the  use of a guard c i r c u i t  t o  e l i m i n a t e  lead leakage and 
o ther  e r ro r s  i s  a p rac t i ca l  necessity.  
bridges operating pr imari ly  a t  50 o r  60 cps,  guarded AC bridges with 
grea t  s e n s i t i v i t y  have not been ava i l ab le  u n t i l  very recent ly .  
Fortunately,  t h e  very new General Radio Type 1620-A Transformer-Radio 
Arm Bridge does m e e t  these exacting needs. 

Except f o r  a few Schering 
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Table XV 

Repeated Mandrel Flexibility Tests of Ribbon Cable 

Test Condition: Strips 3/16!' Wide Were Carefully Cut 
from the Cable for Mandrel Winding in 
a Manner Similar to the Procedure 
Developed for Round Wire. 
Turns in Liquid Helium was the 
Criterion for Failure 

10 Reverse 

Sample Mandrel 
No. Ma t eria 1 Results Dia. - In. Remarks 

A Methode Plyoduct Failed 1 /,I1 (If stress relieved by pre- 
(PD -8 12 -P4) Sat is f ac tory 1" flexing at Room Temperature) 
(31/32" Wide x 
0.012" Thick, 12 
Copper Conductors) 
(Mylar) 

B Polystrip Failed 
(H-100-C -25) 
(2-5/8" Wide x 

Sat is f a ctory 

.0086" Thick, 25 
Conductors) 
(Resin Bonded H Film) 

C Polys trip Failed 
(P-100-c-12) 
(1-5/16" Wide x 
.0085" Thick, 
12 Conductors) 

Sa tis f a c tory 

(Resin Bonded Mylar) 

D Polystrip Failed 
(TX-156-C-20) 
(3%" Wide x ,012" 

(FEP Teflon) 

Sa ti sf ac tory 

Thick, 20 Conductors) 

E IRC-HX-100-C-12 Failed 
(1-5/16" Wide x 
,012" Thick, 
12 Conductors) 

( .002 H Film/ .002 
FEP Teflon - .005 
FEP Teflon - heat 
bonded) 

Sat is f ac tory 
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-- 
1 /4" 

(Could not be wound on 1/8" 

(Except at point of high 
Mandrel) 

stress near mandrel attach- 
ment) 

(Except at p i n t  Cf high s t r e s s )  

(Test strip 1-1/16" wide) 

(Could not be wound on 
1 /8" Mandrel) 



A guarded l i qu id  c e l l  capable of evacuation t o  a high vacuum i s  a l s o  
needed fo r  the  evaluation of cryogenic l iquids .  M r .  J .M.  Atkins has 
solved t h i s  problem ingeniously by the  adaptat ion of a standard 1000 
picafarad vacuum capaci tor  a s  shown i n  Fig.  11. 
tained from the  manufacturer with the  long g l a s s  evacuation tube i n  
place.  
then reconnected i n  the  vacuum system associated with the  c ryos ta t .  
completely guarded, cryogenic l iquid c e l l  i s  shown i n  Photo 115, 

The capaci tor  was ob- 

The tube was sealed off severa l  inches above t h e  capaci tor  and 
The 

T e s t  r e s u l t s  are given i n  Table XVI and the d i e l e c t r i c  constant 
value from the  l i t e r a t u r e  i s  included f o r  comparison. It i s  i n t e r e s t i n g  
t h a t  c lose agreement with the  l i t e r a t u r e  has been obtained f o r  hydrogen 
and helium but that the  values for  ni t rogen d i f f e r .  It i s  of course 
possible ,  but i s  not considered l i k e l y ,  that t h e  ni t rogen i n  these tests 
m y  have been contaminated with oxygen. 
avoid contamination and the  test c e l l  was evacuated t o  a 10 t o r r .  
The values of d i ss ipa t ion  fac tor  ( tan  6, a r e  so low that they must be 
considered more i n  the  nature of ind ica t ions  r a the r  than accurate  values. 
(The two values shown w e r e  obtained with the  bridge connected i n  two 
d i f f e r e n t  ways.) 
t o  obtain.  However, trends a re  apparent with frequencies which are 
in t e re s t ing .  
hydrogen increases  with a n  increase i n  frequency. 
of helium, on t h e  o ther  hand, decreases with an  increase  i n  frequency. 
Helium contaminated with a small amount of a i r ,  however, has a character-  
i s t i c  l i k e  t h a t  of ni t rogen ra ther  than that of helium alone. 

G r e a t  e f f o r t s  were made t o  -6 

A t  t he  lower frequencies the  values w e r e  very d i f f i c u l t  

The d i s s ipa t ion  fac tor  of both l i qu id  ni t rogen and l i qu id  
The d i s s ipa t ion  f ac to r  

Within the l i m i t s  of recognized, questionable accuracy, the  values 

It w i l l  be p a r t i c u l a r l y  i n t e r e s t i n g  t o  measure the  
obtained ind ica t e  i n t e r e s t i n g  differences i n  the  loss c h a r a c t e r i s t i c s  of 
cryogenic l iqu ids .  
d i e l e c t r i c  losses  of super f lu id  helium and such measurements a r e  
planned f o r  t he  future .  

PROGRAM FOR JULY AND THE NINTH QUARTER 

The preparation of t h i s  report  and the  f u l l  r epor t  on the European 
v i s i t s  w i l l  cons t i t u t e  the pr incipal  a c t i v i t y  f o r  the month of Ju ly ,  

I n  the  remainder of the ninth quar te r ,  t he  development of bundled 
conductors and improved ribbon conductors f o r  cryogenic appl ica t ions  w i l l  
be i n i t i a t e d .  
monthly report  f o r  July.  
cryogenic l i qu ids  w i l l  be undertaken a l s o  during the  coming quarter .  
The spec ia l  test f i x t u r e s  f o r  t h i s  work a r e  now ava i lab le .  
f o r  t h e  work has been emphasized by information obtained during the  
European v i s i t s  described i n  the appendix t o  t h i s  r epor t ,  

The program f o r  t h i s  development w i l l  be de t a i l ed  i n  the 
Voltage breakdown measurements on very pure 

The need 
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Photo #5 

Completely Guarded and Evacuated C e l l  f o r  Measurement of D i e l e c t r i c  
Constant and Di s s ipa t ion  Factor of Cryogenic Liquids  
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Liquid 

Nitrogen 

Hydrogen 

Helium 

Helium 
Contaminated 

with air 

Oxygen 

* Value 

Pressure 

746 . 8 
mm. 

746 . 8 

745.2 

751.1 

Dielectric 

"K - 
77.3 

20.3 

4.2 

4.2 

77 

from the literature 

Table XVI 

Constant and Dissipation Factor 
of 

Cryogenic Liquids 

€' 
Meas . 
1.462 
1.462 

1 ~ 6 2 ~  

1 .46Z3 

1 ,4622 

1.225 

1.225 
1.225 

1.225 

1.225 

1.048 
1.048 

1.048 
6 

1.048 

1 .0486 

1.0518 
8 1.051 
8 1.051 
8 1.051 
8 1.051 

Lit.* 

1 .4338 

1.226 

1.048' 

1.515 

Meas. 
tan 6 

.0000058 , 
.000016 

.000010 , 
.000015 

.000020, 
.000031 

.000010 (?) 

.000005 , 

.00001 
.000010 

.000036 

.000020 

.000012 

.0000034, 

.oooooo 

.ooooo (?) 

.0000034 

.0000018 

e 0000050 

.000007 

. 000010, 

.000020 , 
.000013 

.000028 

f 
CPS. 

100 
5 00 

1,000 

5,000 

10,000 

100 

500 
1,000 

5,000 

10,000 

100 
500 

1,000 

5,000 

10 , 000 
100 
5 00 

1,000 

5,000 

10,000 

- Frequency of measurement not stated - see 
references attached. 
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APPENDIX A 

European V i s i t s  

t o  

Cryogenic Laboratories 

INTRODUCTION 

A s  a pa r t  of a European t r i p ,  the  author took the  opportunity 
t o  v i s i t  a number of European Laboratories involved i n  cryogenic s tud ies .  
So f a r  a s  possible,  these laborator ies  w e r e  selected on the  bas i s  of 
outstanding contributions t o  cryogenics i n  general and,in pa r t i cu la r ,  t o  
the study of cryogenic l iqu ids  themselves o r  the proper t ies  of nonmetallic 
mater ia ls  a t  cryogenic temperatures. It was recognized i n  advance that 
no other  work exact ly  duplicating the  subject  contract  might be found. 
The v i s i t s  w e r e  undertaken i n  order t o  determine w h a t  information - pub- 
l i shed  and unpublished - was i n  f a c t  ava i lab le  with a d i r e c t  o r  i nd i r ec t  
re la t ionship  t o  the  subject  work. A s  a secondary object ive,  the  v i s i t s  
w e r e  destgned t o  s t imulate  in t e re s t  i n  the propert ies  of insu la t ing  
mater ia ls  and p l a s t i c s  a t  cryogenic temperatures and t o  encourage the  
exchange of such information i n  the future.  
spec ia l  e f f o r t  was made t o  obtain information about s i m i l a r  work by others.  

During each v i s i t  a 

The following summary of the European v i s i t s  has been appended 
t o  t h i s  annual summary report  because i t  is a p a r t  of the last year ' s  
a c t i v i t i e s  and the amended contract  requirements. Time has not been 
ava i lab le ,  by the  dead-line Ecir t h i s  repor t ,  t o  prepare a de ta i led  repor t  
of the European v i s i t s  including referenced infornation. 
repor t  w i l l  be made j u s t  a s  soon a s  possible. 

The de ta i led  

SUMMARY AND CONCLUSIONS 

The t r a d i t i o n a l  centers f o r  cryogenic s tud ies ,  such a s  Cambridge, 

Important 
Oxford and perhaps Leyden, a r e  apparently emphasizing theo re t i ca l  s tud ies  
of s o l i d  and l i qu id  s t ruc tu re  and a l s o  super conductivity. 
a s  t h i s  work is ,  i t  i s  of only incidental  i n t e r e s t  i n  reference t o  non- 
m e t a l l i c  mater ia ls .  Theoretical s tud ies  of cryogenic l i qu ids  a r e  w e l l  
advanced i n  a number of European labora tor ies  and these s tud ie s  are of 
a t  least ind i r ec t  i n t e r e s t  f o r  the background on cryogenic f l u i d  tech- 
nology which they provide. 
mobili ty s tud ies  i n  cryogenic l iqu ids  now underway i n  several  European 
labora tor ies  a r e  s c i e n t i f i c  ra ther  than engineering i n  nature  but provide 
technical  background of d i r e c t  importance t o  the  GE-NASA engineering 
program. 

The excel lent  vol tage breakdown and ion 
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The beginnings of an interest in cryogenic properties of non- 
metallic materials is apparent in industry or in the industry-supported 
plastics institutes rather than in the European universities. The 
work on the cryogenic properties of nonmetallic materials has also been 
undertaken primarily with scientific purposes in mind. 
technological background for sound engineering work is thereby developed. 
However, the stress-strain characteristics of plastics down to nitrogen 
temperature, which are being developed in at least two laboratories, are 
primarily of engineering interest. The need for continuing exchange of 
information is established, 

Again, a 

No specific program for the development of wire and cable 
insulation in cryogenic applications appears anywhere in the European 
picture. 
tions are extremely limited. 
ing, the need for the GE-NASA program is the more obvious. There is 
evidence that not only scientific, but engineering studies also, on the 
properties of insulating materials and plastics at cryogenic temperatures 
will multiply and expand in Europe. 
cryogenic devices will accelerate such a trend. The motivation for 
cryogenic studies with nonmetallic materials at present comes to a con- 
siderable extent from interest in liquid fuel systems associated with 
space programs. 
Great Britain, so far, have a major stake in space. 

Even indirect observations on the performance of such insula- 
If the lack of such programs is disappoint- 

The development of industrial 

Only the United States, the USSR, France and perhaps 

SUMMARY OF VISITS 
The following sumry gives the name of the cryogenic laboratory 

visited, the principal individuals contacted, principal areas of work and 
pertinent observations relating to work on nonmetallic materials or 
cryogenic liquids. 

Central Electricity Board Research Laboratories 
Leatherhead, England -- May 13, 1963 

Dr. P.F. Chester 
Dr. R.A, Kamper 

The primary work concerns study of "hard" superconductors and 
high field, superconducting magnets. Melinex (a polyester film like 
Mylar) has been used successfully in liquid helium but Westinghouse (USA) 
problems with voltage breakdown of Mylar were mentioned. No studies 
specifically directed to cryogenic perfonmnce of insulating materials 
or plastics have been undertaken or are planned. 

The high field cryogenic magnets are of interest in magneto- 
hydrodynamic studies. 
AEI - Rugby was mentioned. 
laboratories in Britain were investigating cryogenic properties of non- 
metallic materials but recognized a need for such studies. (Note: The 
author confirmed this statement during later discussions with R. Snadow 
of AEI, Rugby.) 

A "paper" study of cryogenic transformers by 
Chester did not believe that any industrial 
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E l e c t r i c a l  Research Association Laboratories 
Leatherhead, England - May 13, 1963 

M r .  Waters - Deputy Head, Transformer Dept. 

No experimental cryogenic s tud ies  of any magnitude are i n  
progress. 
of design f e a s i b i l i t y .  
w e r e  reported. 

A "paper" study of cryogenic transformers has  indicated lack 
Similar s tud ie s  by AEI and Parsons i n  England 

D r .  W. Davies 
D r .  S tuar t  
D r .  J . S .  H i l l  

N a  t iona 1 Physica 1 Laboratories 
Teddington, England - May 14, 1963 

D r .  C. Stoddard 
D r .  Catteral 
D r ,  R.W. Powell 

The pr inc ipa l  e f f o r t  
cryogenic switching (Cryotrons) under D r .  S t u a r t ' s  d i r ec t ion  and the 
thermal conductivity s tud ies  by D r .  Powell. 
t rouble  with e l e c t r i c a l  leads a cryogenic temperatures has lead t o  
iiniited developmental work. Teflon has been foiiiid iisefiil biit s t i l l  
subject  t o  b r i t t l e  f a i lu re .  Extruded Nylon was found t o  be much less 
serviceable  than Teflon. Troubles have been encountered a t  cryogenic 
temperatures with gaskets a l s o  -- par t i cu la r ly  with s i l i cone  rubber. 

n cryogenics a t  NPL i s  concerned with 

I n  the  cryotron work 

-I. 

D r .  Stoddard and others are  studying vapor deposited f i lms 
of Si0 which have been shown t o  s h i f t  the c r i t i c a l  temperature of t i n  
fi lms. I n  consequence, the in - s i tu  polymerization of r e s i n  f i lms f o r  
insu la t ion  a t  cryogenic temperatures a r e  underway. 
problems of the  organic f i lms t o  t he  subs t r a t e  and the overlying t h i n  
m e t a l  f i lms has received considerable study without adequate solut ion.  

Cryogenic adhesion 

R.W. Powell has developed su i t ab le  methods and car r ied  out  
thermal conductivity measurements on nonmetallic materials a t  cryogenic 
temperatures. 
co l lec ted  exhaustive references.  (A considerable l i s t  of references 
provided w i l l  be included i n  the f u l l  report .)  
comparator" has been developed for  making rap id  thermal conductivity 
tests over a very wide range of temperatures. 

H e  has followed the  work of others  i n  h i s  f i e l d  and 

A three  b a l l  "thermal 

University of Cambridge, Dept. of Physics, Magnetic Lab. 

R.L. Powell (Note: D. Schoenberg w a s  unavailable but  t he  

Cambridge, England - May 15, 1963 

author had a b r i e f  conversation with 
him on May 17  a t  Oxford.) 

R.L. Powell, on leave from t h e  National Bureau of Standards i n  
Boulder, Colorado, acted as guide i n  descr ibing the work under D r .  Schoen- 
berg 's  general d i rec t ion ,  The e n t i r e  program a t  Cambridge seems t o  be 
d i rec ted  t o  very fundamental cryagenic s tud ies  of me ta l l i c  s t ruc tu re  -- 
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both normal and superconducting u l t rasonic  absorption, microwave (2 mm) 
absorption, e lec t ron  sp in  resonance (ESR) a s  w e l l  as  other  techniques 
a r e  being used. 
t o  9?ermi surface" s tud ies  using a pulsed 200 Kilogauss magnetic f i e l d .  
Westinghouse (USA) has given Cambridge a cryomagnet f o r  such s tud ie s ,  a l so .  

Schoenberg's greatest personal i n t e r e s t  is  now di rec ted  

Cambridge has apparently done no work on nonmetallic materials 
and does not s e e m  t o  be interested i n  it. No information about t he  
work o thers  i n  the  nonmetallic area could be obtained. 

Queen Mary College (University d London) 
London, England - May 16, 1963 

D r .  T.J.  L e w i s  - Dept. of E lec t r i ca l  Engineering 
D r .  B e  Salvage - Dept. of E lec t r i ca l  Engineering 

D r .  D,H. Martin - Dept, of Physics 
Prof. Humphrey Davies - Head Dept. of E l e c t r i c a l  Engineering 

D r .  Lewis  heads the extremely competent and extensive work on 
the  electric breakdown of l iquids  including the  cryogenic l i qu ids ,  
ni t rogen,  oxygen, argon and methane. So f a r  no work has been done with 
l i qu id  helium 'DuC reFerence was made to the work of Zdwards i n  the "SA 
and p a r t i c u l a r l y  t o  that of Prof. Blaisse i n  Del f t  (see later) .  Lewis  
has been pa r t i cu la r ly  concerned with the  influence of impuri t ies  and the  
condition of e lectrodes on breakdown vol tage - d e t a i l s  w i l l  be given i n  
the  f u l l  report .  The character of the  electrodes may change the  i n t r i n s i c  
e l e c t r i c  breakdown vol tage of cryogenic l i qu ids  by as  much as  4 t o  1. 

Invest igat ions of ion  and e lec t ron  mobili ty i n  l i qu id  argen 
and methane have been productive. 
mentioned - see later.) The attachment coe f f i c i en t s  of oxygen i n  l iqu id  
argon and methane have been studied. 

(The work of Careri i n  Rome w a s  

Great i n t e r e s t  was evidenced i n  the  G.E. work on Cryogenic 
l iqu ids  -- par t i cu la r  i n  the  d iss ipa t ion  f ac to r  measurements. D r .  L e w i s  
and others  bel ieve t h a t  t he  whole area of nonmetallics a t  cryogenic 
temperatures needs extensive invest igat ion and appeared eager t o  continue 
exchange of information. The facil i t ies a t  Queen Mary College are  
modern, exce l len t  and amazingly extensive. Sponsored work i n  the  area 
should be competent and e f f i c i en t .  

D r .  Martin i s  special iz ing i n  f a r  in f ra red  absorption i n  l iqu id  
helium and s o l i d  argon. 
s tud ies  are being made, a l s o ,  par t icu lar ly  with s o l i d  argan. 

Both d i e l e c t r i c  and mechanical absorpt ion 

Oxford University,  Clarendon Laboratories 
Oxford, England - May 16, 1963 

D r .  H.M. Rosenberg (Dr. K.Mendelssohn was away i n  London.) 

D r .  Rosenberg served as a guide t o  in$roduce seven graduate 
students who described t h e i r  programs. D r .  Rosenberg and M r ,  L e w i s  are 
in t e re s t ed  i n  the  low vol tage breakdown s t rength  of l i qu id  helium because 
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of electrical failures they have experienced in ultrasonic microwave 
studies. The work in Dr. Mendelssohn's area, like the work at Oxford, 
is highly theoretical and directed primarily to studies of superconductivity. 
Some of the work, however, is directed to the study of physical properties 
of the cryogenic liquids and to design of very low temperature (0.4 K) or 
precise, temperature controlled cryostats. No work is in progress on 
nonmetallic materials at cryogenic temperature and little interest was 
expressed in it. 

Physikcalisch-Technische Bundesanstalt (PTB) 
Braunschweig, Germany - May 20, 1963 

Dr. M. Kerston, President PTB Dr. Kramer 
Dr. E. Richter Dr. Ruehl 

Drs. Kramer and Ruehl are carrying cn primarily an investigation 
of superconductivity in thin metal films. In particular, they have 
been concerned with the influence of absorbed gases on superconductivity. 
Liquid hydrogen, as well as liquid helium, is made and used at PTB. 
Interest was expressed in the dielectric properties of cryogenic liquids. 
Dielectric work by Prof. H. Pick, Technische Hochschule, Stultgart, on 
single crystals of anthracene in liquid helium was mentioned. 

Institut fffr Technisch Physike, Technische Hochschule 
Braunschweig, Germany - May 20, 1963 

Dr. G. Schneider 

Dr. Schneider regreted Prof. Justi's absence on business and 
described work on properties of semiconductors (metallic) at cryogenic 
temperatures. Tie conversation was somewhat difficult since it w a s  
carried out in rapid German (Dr, Schneider did not speak English.) 
Dr. Schneider stated that no insulation or adhesion problems have been 
encountered at cryogenic temperatures. Special rubbery, cellulose 
acetate adhesives are used very successfully. (UHU-Hart and UHU-plus 
made by M. Fischer, Btihl (Baden) Germany) ., 

Little interest was expressed in nonmetallic materials at 
cryogenic temperatures. 

Deutsches Kunststoff-Institut 
Darmstadt, Germany - May 22, 1963 

Prof. K.H. Hellwege, Director 
Dr. W. Knappe 
Dr. G. Langbein 

Dr. Knappe described and showed the work of the Institute which 
covers a wide range of engineering and scientific studies on plastics. 
Thermal conductivity measurements are routinely made down to liquid nitrogen 
temperatures and occasionally, to liquid hydrogen temperature. 
heat measurements over a wide temperature range are just being started. 
English work in this area by Danton and Evans Hall was mentioned. 
spin resonance (ESR) techniques are being used to study free 
radical formation with Van de Graf radiation in both polyethylene and 

Specific 

Electron 
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polypropylene down to liquid nitrogen temperatures. 

Dr. Langbein is studying dielectric absorption in polymers down 
to -160C and mentioned work by Reddish of England, also. 
to be quite theoretical with interest in very slow crystallization 
velocities, transition temperatures, etc. 

This work is 

Great interest was expressed in the G-E work on properties of 
nonmetallic materials at cryogenic temperatures. 
continued exchange of information was evident. 

The opportunity for 

Farbwerke Hoechst, A.G. 
Frankfurt, Germany - May 22, 1963 

Dr. Carlowitz 

Hoechst has made stress-strain measurements of thermoplastics 
Elongation at break is down to -lOOC and lower (data in full report). 

5% or less at low temperatures with interesting differences between 
materials of different molecular weights. Hoechst has made no dielectric 
measurements at very low temperatures but mentioned the work of Dr. Thurn 
at MSF in Ludwigshafen. 

Despite the limited work at Hoechst, great interest was ex- 
pressed in the low temperature properties of plastics and in the G-E work. 

Institut fur Tief Temperatur Forschung 
Heersching (near Munich), Germany - May 24, 1963 

Dr. R, Doll 

The institute's activities are directed primarily to a study of 
hard superconductors and associated phenomena. 
for production of liquid helium is under development. 
on nonmetallics but interest was expressed in such studies. 
Dr. W. Wiedemann at the Reaktorstation in Garching near Munich was 
mentioned. This work involves the effect of radiation at cryogenic 
temperatures on thermal and electrical resistivity as well as physical 
expansion on both metallic and nonmetallic materials. 

A new expansion machine 
No work is underway 

The work of 

Instituto di Fisica, University of Rome 
Rome, Italy - June 10, 1963 

Dr. G. Careri 

Dr. Careri has a theoretical interest in the physics of liquids. 
He has studied ion mobility in liquid helium as a function of temperature 
and found mobility to increase as temperature is decreased below the 

characteristics of cryogenic liquids. Careri emphasized the importance 
of purity in the study of 
helium through the finest Millipore filter (ordinary helium is too 
viscous!). 
liquids, also, which may prove to be of great importance in the G-E work. 

point. Great interest was expressed in the G-E work on the dielectric 

helium and suggested filtering superfluid 

He discussed other methods of purification for cryogenic 
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Other cryogenic work at Rome includes nuclear magnetic 
resonance (NMR) studies of helium absorbed on zeolites, calorimetry 
to measure heat of absorption with helium I11 and other basic work on 
cryogenic liquids. Work on superconductivity is also in progress in 
another laboratory but was not discussed. 

Research Laboratories of L'Air Liquide 
Sassenage, France - June 17, 1963 

Emile Carbonell 
Alain P. de la Harpe 

This new laboratory is concerned with basic research in 
cryogenics, development and prototype manufacture of storage and trans- 
port facilities for liquid hydrogen and oxygen and space research 
projects, including space simulation. The French interest in space 
projects was very evident. 

Since the laboratory is so new, most of the research programs 
in the cryogenic area are just starting, including, for example, a study 
of electrical conductivity in super pure aluminum (impurity less than 
25 ppm) with the object of achieving very high conductivities. Work 
on Peltier cooling is also starting. A small 30 Kgauss cryogenic 
magnet has been constructed. No work is planned on nonmetallics but 
considerable interest was shown. A very thorough study of cryogenic 
developments - the world over - has apparently been undertaken. 
siderable information on the measurement of impurities was said to be 
available and sources were given. 
gyros was mentioned also. 

Con- 

French work on super-conducting 

\ Centre de Rechereches Sur Les Tres Basses Temperatures 
Grenoble, France - June 17, 1963 

Prof. L. Weil 

In a very brief meeting, Prof. Weil indicated relatively 
little interest in cryogenic studies of nonmetallic materials or in the 
electrical properties of cryogenic liquids. He did mention an unusual 
affinity of liquid helium for small amounts of moisture as an explanation 
for the dielectric losses in liquid helium. Some study has been made, 
also, on improved thermal transfer in cryogenic liquids with electrical 
fields of high intensity. 

Prof. Weil is interested primarily in magnetic properties of 
materials below 1 K and in specific heat measurement of helium down to 
.02 K. 
radiation at cyrogenic temperatures on BaO and graphite as well as on 
liquid methane. 

Some work has been done in studying the effects of neutron 
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reactor 

Centre d'Etudes Nucdares de Grenoble 

Dr. Paul Perroud 

Grenoble, Franch - June 17, 1963 

A paper on heat transfer to liquid hydrogen in a high flux 
a s  made available. Radiation studies on metals and graphit 

at liquid nitrogen temperature are in progress. 

Le Centre D'Etudes des Matie\res Plastiques 

Dr. P. Dubois 
Paris, Franch - June 19, 1963 

This laboratory is concerned with the wide scale evaluation 
of the physical (but not electrical) properties of plastics over a wide 
range of temperatures. The visit was conducted in the French language 
so that the impressions gained may not be complete. 
only stress-strain measurements had been made at very low temperatures, 
i.e., liquid nitrogen. A non-published report was promised the author. 

It appeared that 

Institut Voor Lage Texqxraturen en Technicche Pycica 
Leuven, Belgium - June 20, 1963 

Prof. A .  Van Itterbeek 
Prof. H. Myncke 
Dr. W. Van Dael 

Prof. Van Itterbeek's laboratory has specialized in the study 
of liquid hydrogen, He was particularly interested in the G-E work on 
dielectric properties of cryogenic liquids. 
measurements of "static" dielectric constant determination and provided 
a copy of the original paper, Van Itterbeek knew of no other work on 
dissipation factor and of no other work on dielectric breakdown in 
liquid hydrogen. The ability of a magnetic field to produce dissymmetry 
in the liquid hydrogen molecule was mentioned. 
had obtained unpublished data on resistivity of liquid helium. The 
laboratory is presently not engaged in electrical studies except in respect 
to determining carrier mobility in Germanium at liquid helium temperatures. 

He described very old 

He believed that Keesom 

A surprising amount of apparently outstanding highly theoretical 
work is being carried out by a relatively small staff in old buildings but 
with excellent equipment, In addition to physical studies of hydrogen 
and deuterium (i.e., absorption on glass, etc.), a great deal of work is 
underway at very low temperatures and with very high, pulsed magnetic 
fields (450,000 gauss for 1 to 10 miilisec). 
can be held for 7 to 8 hours and 10- % for about 20 seconds. 
siderable attention is being directed to basic studies, such as nuclear 
spin and lattice interactions. 

Temperatures of .OO0loK 
Con- 

Van Itterbeek described techniques for purification of liquid 
hydrogen in which very pure gaseous hydrogen is introduced under 100 to 
200 atmospheres pressure and condensed in a bundle of 30p dia. steel 
tubes (from Accles and Pollock in England). Small solid particles in 
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t he  l i qu id  hydrogen are trapped by the  tubes. 
not  separated i n  t h i s  fashion. 

Helium, of course, i s  

N .V. Ph i l l i p s  Research Laboratories 
Eindhoven, Netherlands - June 21, 1963 

D r .  J. Volger 
D r .  Kohler 
D r .  J .A. Kok 

D r .  Volger i s  concerned with magnetic resonance, high f i e l d  
superconductivLty and d i e l e c t r i c  absorption a t  cryogenic temperatures. 
Because of the  last  i n t e r e s t ,  he was very much in t e re s t ed  i n  the  G-E 
work. H i s  work s t a r t e d  with the discovery of d i e l e c t r i c  absorption 
peaks i n  g lass  a t  about 20 t o  50 K. H i s  i n t e r e s t  sh i f t ed  t o  a study 
of quartz f o r  which theory could more e a s i l y  be developed. 
theory,  i n  b r i e f ,  involves the  ion ic  mobili ty of f i r s t  element m e t a l s  
a s  r e l a t ed  t o  "color centers" i n  the  material. The theory i s  r e l a t ed  
t o  the  idea of "Polorons" as  f i r s t  proposed by F r a l i c h  and developed by 
Holstein i n  the  USA and Sewall i n  England. 
France has made the only other  s tudies  of dielectric absorption a t  
cryogenic temperatures. 
expected d i e l e c t r i c  propert ies  may be uncovered a t  very low temperatures. 

0 

H i s  

He  bel ieves  Freyman i n  

H e  suscr ibes  t o  the  idea that unusual and un- 

D r .  Kohler i s  primarily concerned with the development of heat  
engines and t h e i r  counterparts ( i n  reverse) f o r  producing r e f r ige ra t ion .  
H e  has contractual  r e l a t ions  with General Motors on hea t  engines and 
North American P h i l l i p s  handles sale of a i r  l i q u i f i c a t i o n  u n i t s  i n  the  
USA. A new, double s tage ,  machine w i l l  produce 4 liters of l i qu id  
helium per hour, with a Carnot e f f ic iency  of 17%. 

D r .  Kok is  primarily concerned with d i e l e c t r i c  breakdown i n  
l i qu ids  and has done l imited work with cryogenic l iquids .  H e  has sum- 
marized most of the  known work on breakdown i n  cryogenic l i qu ids  as an 
appendix t o  a very new book ( i n  German). H e  mentioned, a l s o ,  the  work 
of Young a t  MIT with l i qu id  CO 
v a r i a b i l i t y  found i n  i t s  break3own voltage.  
impuri t ies  and the  influence of e lectrodes are  very important i n  vol tage 
breakdown s tudies  of l iqu ids .  
Rochelle sa l t  c r y s t a l s  t o  co l l ec t  impuri t ies  i n  l iqu id  helium. 

near the c r i t i c a l  point and the  grea t  
Kok bel ieves  that 

H e  has used a mixture of charcoal and 

Laboratorium voor Technische Natuurkunde 
Del f t ,  Netherlands - June 22,  1963 

Prof. B.S. Blaisse 
Prof. Jacobo M. Goldschvartz 

Prof. Blaisse i s  making a major study of t he  e l e c t r i c  s t rength  
of l i qu id  helium both above and below t h e h  point  and f inds  d i f fe rences  
not reported by Edwards i n  the USA, 
spacing may change o r  reverse  the e f f e c t  of temperature change on break- 
down voltage.  
discharge pa t te rns  on the  electrodes.  Like D r .  Kok and o thers ,  Bla i sse  

H e  has discovered t h a t  e lec t rode  

Breakdowns above and below the  .h point cause d i f f e r e n t  
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believes impurities and electrode characteristics are very important 
in cryogenic liquid breakdown tests. 
evaporation and subsequent condensation on activated charcoal followed 
by filtration below the 
bacteriological filter. 
sorbed water which is otherwise difficult to remove. 

Liquid helium is purified by 

point throught an unsintered Vycor, 
The filtration separates Helium I11 and ab- 

In addition to the breakdown studies, Blaisse is studying 
other cryogenic problems, such as thermal expansion with interferometer 
techniques (unpublished), double refraction in glass, and supercon- 
ductivity phenomena. 

Discussions with USSR Representatives to the IEC 
Venice, Italy - May 27 to June 7 ,  1963 

Informal discussions with representatives of the Soviet Union 
to IEC TC-15 on insulating materials indicated an interest and some activity 
on properties of insulating materials down to liquid nitrogen temperature 
with one reference to liquid helium and the problems of liquid oxygen. 
The extent of activity in the USSR was not determined and, likewise, 
details of the GE-XASA prograri were not discussed. 
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